The effects of 2-chloroethanol(2-CE) on rat tissue following in vitro and in vivo exposure were studied. At concentrations as low as 2.5 mg/ml, protein synthesis in liver slices was inhibited; at concentrations of 25 mg/ml and above, RNA synthesis and respiration were also impaired. Single oral doses of 2-CE to young adult rats at levels of 15-40 mg/kg body weight depressed liver nonprotein sulfhydryl (GSH) concentration and liver protein but not RNA synthesis. Liver lipid was increased by 7 hr after a single oral dose of 30 mg/kg. The time courses and dose-response relationship for GSH depletion and restoration and for protein synthesis inhibition and recovery were similar. The livers of female rats were more sensitive than the livers of male rats to the effects of 2-CE. Protein synthesis was also depressed in kidneys of 2-CE-treated male rats but at higher doses than those needed for this effect to occur in livers of the same animals. Liver polysome disaggregation also occurred after oral 2-CE doses of 20 mg/kg and greater. The effects of 2-CE on ribosome profiles and protein synthesis were at least partially reversed by concurrent intraperitoneal administration of cysteine. The possible relationship of these findings to a role of GSH in protein synthesis is discussed.
INTRODUCTION
2-Chloroethanol (ethylene chlorohydrin, 2-CE) has been used commercially as an industrial solvent and as a fumigant. Residues of this compound have been found in foods") and medical devices(*.') following sterilization treatment with ethylene oxide. The presence of chlorides in the material being fumigated is apparently necessary for the formation of 2-CE.'") Toxic manifestations of 2-CE were reported as long as 50 years ago, and studies indicating its toxicity in several species after various routes of exposure are well recorded. LDSo values (mg/kg) after oral administration ranged from 64 in rats to 98 in mice with intermediate values for rabbits and guinea pigs. Values were similar for intraperitoneal (ip) and topical administration, indicating that the compound is rapidly absorbed through the intact skin.(5) These same workers reported increased mortality, decreased weight gain, and increased relative organ weights (adrenal, brain, gonads,
METHODS

Animals
Unless otherwise indicated, 2-to 4-month-old Osborne-Mendel (FDA strain) rats weighing 250-350 g were used and were housed individually in stainless-steel cages. Room temperature (23"C), relative humidity (SO%), and lighting (12 hr light, 12 hr dark) were automatically controlled, Diets (Purina Chow pellets) and tap water were provided ad libitum. Food was removed from the cages at 5:OO PM on the day preceding the experiment. 
In Vivo Studies
Treatment: Rats were administered 2-CE dissolved in 0.9% saline by oral gavage at dosages indicated in the tables. Cysteine HCI (200 mg/kg) or diethylmaleate (DEM; lo00 mg/kg) dissolved in 0.9"10 saline was injected ip immediately before the administration of 2-CE. Dosing was routinely
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carried out between 9:30 and 10:30 AM. [6-I4C] Orotic acid hydrate, ~-[ 4 , 5 -~H (N)]leucine, DL-[ l-14Clleucine, or [2-14Clglycine was given ip at varying times (as indicated in appropriate tables) after administration of 2-CE. One hour later the rats were decapitated and exsanguinated. The livers and kidneys were rapidly removed, rinsed in ice-cold water, blotted, weighed, and frozen in liquid nitrogen, and were kept at -75°C until analyzed.
In one study, 4-week-old rats (four of each sex per group) were administered 2-CE at levels of 0, 10, 20, or 40 mg/kg by oral gavage, and were exsanguinated via the posterior vena cava after CO, asphyxiation 24 hr later. The liver and kidneys were preserved in 10% buffered neutral formalin. After the blood had clotted, serum was separated by centrifugation in a PR 6000 refrigerated centrifuge (International Equipment Co., Needham Heights, MA), and was stored frozen (-20°C) until clinical analysis.
Biochemical Analysis: Procedures for isolation and quantitation of RNA, DNA, and protein and preparation of tissue fractions for determination of radioactivity have previously been described. (I9) The protein residue was dissolved in 5 ml of 0.75 N NaOH. For counting protein, 0.5 ml of NCS (Nuclear-Chicago Corp., Des Plaines, IL) was added t o 0.2 ml of the protein extract in a glass vial with mixing, and 15 ml of a toluene-based counting solution (Permafluor, Packard Instrument Co., Downers Grove, IL), diluted 25-fold with toluene, was then added. Counting was performed in a Mark I11 Searle liquid scintillation spectrometer (Searle Analytic Inc., Des Plaines, IL). Measurements were automatically corrected for quenching and background by an internal dpm converter and the external standard-channels ratio technique, relying upon appropriately stored quench curves. Results were expressed as dpm RNA/dpm cold trichloroacetic acid (TCA) wash (unincorporated radioactivity)/mg RNA x lo3 and dpm proteiddpm cold TCA wash/mg protein x lo3 to adjust for the differences in organ size or uptake of radioactivity by the tissue. (19' This method of expressing the data did not appreciably affect the statistical significance of any of the findings as compared with "unadjusted" data. Ultraviolet (UV) absorption of the pooled TCA washes was measured at 260 and 280 nm and the data were expressed as units absorptionlg tissue to reflect, after correction for absorption of the TCA itself, a crude measure of the total concentration of nucleic acid and protein precursor material.
The sulfhydryl group content was measured by a modification of the method of Ellman,(20) using the reagent 5 , 5'-dithiobis(2-nitrobenzoic acid) (DTNB). A 20% tissue homogenate was prepared with 0.1 M sodium phosphate pH 7.4 buffer; 5 ml of 4% sulfosalicylic acid was added t o 5 ml of the homogenate and the resulting protein precipitate was removed by centrifugation (2000g for 10 min). One milliliter of the clear supernatant was mixed with 9 ml of 0.1 M sodium phosphate buffer pH 7.4, 2 ml of 0.1 M sodium phosphate buffer p H 8.0, and 0.2 ml of 0.01 M DTNB (in 0.1 M sodium phosphate buffer, p H 8.4). The absorbance of the resultant yellow color was measured at 412 nm. Results were expressed as micromoles of GSH per gram (fresh weight) of tissue after calibration against standards prepared from reduced GSH (Sigma Chemical Co., St. Louis, MO).
Serum proteins were separated and quantitated electrophoretically by using the Beckman Microzone Electrophoresis System (Beckman Instruments, Inc., Fullerton, CA). Activities of serum glutamic-pyruvic transaminase (SGPT), glutamic-oxaloacetic transaminase (SGOT), and alkaline phosphatase and the concentration of urea nitrogen were determined by routine clinical procedures described previously. (2') A modification of the method of Blobel and Potter(") was used for the polyribosomal analysis of liver postmitochondrial supernatants. Briefly, livers were homogenized with 2 volumes of 0.25 M sucrose in Medium M(*" containing 0.006 M mercaptoethanol, and the homogenates were centrifuged at 15,OOOg for 10 min. An aliquot of the supernatant was treated with one-ninth its volume of 10% sodium deoxycholate in 0.05 M Tris buffer p H 8.2, and 2.5 ml of the resulting suspension was applied to a discontinuous gradient consisting of 4.0 ml of 0.5 M sucrose in Medium M with mercaptoethanol over 3 ml of 2.0 M sucrose in Medium M with mercaptoethanol. The tubes were centrifuged at 105,ooOg for 22 hr, and the resulting ribosomal pellet was gently broken up and suspended in 0.75 ml of 0.25 M sucrose. An aliquot of this suspension was layered on 35 ml of a linear sucrose gradient (15-3070). The gradients were centrifuged at 26,000 rpm in a Spinco Model LB-50 ultracentrifuge (Beckman Instruments, Inc.) with an SW 27 head for 2 hr. All operations up to this point were carried out at 0-4°C. The content of each tube was pumped out from the top with a Buchler Auto Densi-Flow IIC apparatus (Buchler Instruments, Fort Lee, NJ) through a flow cell into a Pharmacia DUO Monitor (Pharmacia Fine Chemicals, Piscataway, NJ) and the absorbance at 254.nm was continuously recorded. The livers from at least four animals in each treatment group were analyzed in duplicate.
Histopathology: Fixed tissues were processed for embedding in Paraplast, sectioned at approximately 6 pm, and stained routinely with Hematoxylin and Eosin (H 8t E) for examination by light microscopy. Frozen sections, at least one per kidney, were prepared and stained for lipid with Oil Red 0.
In Vitro Studies
To determine the direct effect of 2-CE on liver, slices were prepared and incubations were basicially carried out as described by Blendermann and Friedman,'13) except that an O2 atmosphere and a Dubnoff shaking apparatus at 37°C were used. Slices 0.5 mm thick were prepared by using a McIlwain mechanical tissue chopper (Brinkmann Instruments Inc., Burlingame, CA), and approximately 500 mg of liver (wet weight) was added to each flask containing 2.5 ml of cold oxygenated Krebs-Ringer phosphate buffer pH 7.4. For the respiration measurements, 2.5 pCi of ['4C]glucose in 0.1 ml of the buffer was added to each flask followed by 0.1 ml of 2-CE dissolved in the buffer. The flask was fitted subsequently with a rubber stopper and a plastic well (Kontes Glass Co., Vineland, NJ), held inside the flask and above the medium by the stopper, was filled with 0.2 ml of NCS before the 60-min incubation period. After the incubation, 0.25 ml of 3 M H2S04 was added to the medium and shaking was continued for an additional 60 min to allow the evolved ''C0, to be absorbed by the NCS. The plastic well with its contents was then placed into a vial containing 15 ml of the toluenecounting solution, and the vial was shaken and counted. For measurement of RNA and protein synthesis by the liver slices, 1.25 pCi for [6-14C] orotic acid hydrate and 5.0 pCi of ~-[ 4 , 5 -~H (N)]leucine in 0.1 ml of the buffer were added to 2.5 ml of the cold oxygenated medium in a 30-ml beaker. 2-CE (0.1 ml) was dissolved in the buffer and added to the chilled medium just before incubation. After the 60-min incubation period, the beakers were chilled, 2.5 ml of 10% TCA was added, and the contents were transferred to a large test tube and homogenized. RNA and protein were isolated by a slight modification of the method of Schmidt and T h a n n h a u~e r , '~~) and chemical analysis and counting of these fractions were carried out as described for the in vivo studies. Preliminary studies showed that all reactions investigated were approximately linear with time for at least 2 hr of incubation.
Statistical evaluation
The difference between two means was analyzed statistically by the Student's t test or, when indicated, by Duncan's multiple range test. (") To test for possible interactions, analysis of variance for a factorial experiment''6) was performed. A p value of 0.05 or less was accepted as an indication of statistical significance.
RESULTS
Results of the initial experiment (Table 1 ) confirmed the finding of that orally administered 2-CE decreased tissue GSH content. Although 0.68 mmoles of 2-CE per kg of body weight produced a 66.2% reduction in the level of GHS in the liver, no effect was seen in the red blood cells of the same animals.
Three hours after rats were given single oral doses of 2-CE from 5 to 40 mg/kg, liver RNA, DNA, and protein concentrations were not different from control values ( Table 2) . GSH concentrations were slightly depressed (29%) at 20 mg/kg and severely depressed (79%) at 40 mg/kg. These same doses of 2-CE significantly inhibited protein synthesis and appeared to enhance RNA synthesis. The dose-response patterns of GSH and protein synthesis changes were somewhat parallel.
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Measurement of the UV absorbance at 280 nm of the pooled cold TCA washes (Table 3) showed no change at doses of 2-CE up to 40 mg/kg. 3H-radioactivity was increased 23% only at the highest level. These results clearly minimize the likelihood that a change in the composition or radioactivity of the unincorporated precursor material was responsible for the treatment-related apparent decrease in protein synthesis described above. No change was evident in the 14C-radioactivity, but a nondoserelated decrease was seen in the absorptivity at 260 nm and could at least partially account for the small but significant, apparently treatment-related increase in RNA turnover.
Use of ['4C]leucine confirmed the effect of 2-CE in inhibiting the incorporation of leucine into total liver protein (Table 4) . At doses of 20 and 50 mg/kg, 2-CE inhibited the incorporation of ['4C]leucine and [3H]leucine into protein to about the same extent. Use of ['4C]glycine as a precursor indicated that the effect of 2-CE was not specific for leucine; the incorporation of these two amino acids into protein was also inhibited to about the same extent ( Table 5 ) . At 20 mg/kg, the lowest effective dose for this inhibition, amounts of radioactivity from either source of amino acid were unaltered in the cold TCA wash (unincorporated precursors of protein). Table 6 shows the time sequence of biochemical changes in liver after oral administration of 2-CE at 30 mg/kg to male rats. Up to 7 hr after treatment, no effects on DNA or protein concentrations were observed. However, fat concentrations had increased by 12.5% at 5 hr and by 25.1% at 7 hr; concurrent with these changes, RNA concentrations were reduced by 12.3 and 13.3% GSH depletion and decreased labeling of protein of 91.0 and 34.5%, respectively, were apparent at the time the first animals were killed (1.5 hr after treatment). Restoration of GSH appeared to begin at 2.5 hr, before initiation of recovery of depressed protein synthesis.
The results of a study comparing the effects of 2-CE treatment in male and female rats are presented in Table 7 . At all dose levels of 2-CE, the degree of inhibition of protein synthesis in liver was slightly greater in females than in males. Liver GSH concentrations were significantly decreased with all doses of 2-CE in female rats but in male rats this effect began at 20 mg/kg. At 30 mg/kg, GSH concentrations were decreased by 65.4% and 83.2% in livers of male and female rats, respectively. In kidneys from males, protein synthesis was also inhibited by 2-CE treatment but to a much smaller degree than in the livers of these same animals, and the inhibition was statistically significant only at 30 mg/kg.
Protein synthesis was also inhibited in liver slices incubated in the presence of 2-CE at concentrations as low as 2.5 mg/ml (Figure 1) . Incorporation of ['4C]orotic acid into RNA and production of 14C02 when [14C]glucose was the substrate were also depressed and in a somewhat similar pattern, but to a lesser degree than inhibition of protein synthesis except at the highest concentration of 2-CE. Appreciable inhibition of respiration and RNA synthesis was attained only at 2-CE concentrations of 12.0 mg/ml and above. bSpecific activity of pooled hot TCA extracts (nucleic acid) adjusted for 'T-radioactivity of pooled cold TCA washes (see text).
'Specific activity of sodium hydroxide-dissolved residue (after hot TCA and solvent extraction) adjusted for 3H-radioactivity of pooled cold TCA washes dSignificantly different from control value, p < 0.05.
(see text). aSee Table 2 for experimental conditions. Values are given as means f SE. bValues are absorbance units measured at the wavelength indicated in a cell of 1 cm width and calculated for the equivalence of 1 g of tissue to give an estimate of the total concentration of nucleic acid and protein precursor material.
'Radioactivity of the pooled cold TCA washes (acid-soluble fraction) calculated for the equivalent of 1 g of tissue.
dSignificantly different from control value, p <0.05.
To determine whether 2-CE enhanced the degradation of protein in tissues, liver slices containing protein prelabeled in vivo with ['4C]leucine were incubated in the presence of a series of concentrations of 2-CE. The results (Table 8) indicate that protein degradation was not enhanced, since neither the specific radioactivity of the protein remaining in the tissue nor that released into the medium was appreciably changed by the in vitro treatment with 2-CE.
Administration of 2-CE at dose levels of 10, 20, or 40 mg/kg to immature (4-week-old) male rats produced no changes in serum concentrations of total protein, albumin, or urea nitrogen, or in the albumin/globulin ratio 24 hr after treatment (data not shown). However, when the same dose levels were given to 4-week-old female rats, serum protein was decreased 12% (78.4 f 2 vs. 69.0 f 2 mg/ml for controls) at the 40 mg/kg level and the alburnin/globulin ratios were increased but in a nondose-related manner. The serum indices of liver or kidney damage (SGOT, SGPT, and alkaline phosphatase activities) were not modified by 2-CE treatment. Histological examination of H Lk E-stained liver sections from these same animals also revealed no morphological changes, except for aThree-month-old rats (8/group) were administered saline or 2-CE in saline by oral gavage. After 2 hr they were given [L4C]-leucine (12.5 pCi/kg body weight) and ('Hlleucine (50.0 pCi/kg body weight) and killed 1 hr later. Values are given as means f SE.
bSee Table 2 , footnote c.
'Significantly different from control value, p < 0.05. a A 4-month old male rat was administered 12.5 GCi ['4C]leucine/kg body weight ip 2 hr before killing. The liver was removed and slices were rapidly prepared and incubated for 1 hr at 37°C in 2.5 ml Krebs-Ringer phosphate buffer per beaker with or without 0.1 ml 2-CE or 0.9% saline in triplicate. After the incubation the beakers were chilled, the medium was decanted, and the liver slices were washed two times with cold buffer. The washings were added to the first supernatant and this pooled material was analyzed for radioactivity and biuret-reactive material. The liver slices were homogenized and protein was isolated and analyzed for radioactivity and chemical (biuret) content (see text for in vitro assay). Values are given as means f hExpressed as total mg protein equivalents (biuret-reactive material) in the medium after incubation divided by the total protein content of the liver slices in a particular beaker.
CExpressed as total dpm in the medium after incubation divided by the total protein content of the liver slices in a particular beaker. dSignificantly different from control value, p < 0.05.
SE .
an increase in small vacuolated areas in the livers of female rats given 2-CE dose levels of 20 mg/kg and above and in male rats given 40 mg/kg. Oil Red 0-stained liver sections indicated that the vacuoles were fat-filled (Figures 2 and 3) . Visual ratings of these stained sections ( Table 9 ) also indicated that the effect was greater in the females than in males. This finding confirmed the observation that female rats were more sensitive to 2-CE than males in the studies where hepatic protein synthesis was measured (Table 7) .
Typical UV ribosomal patterns from the sucrose gradient centrifugation analysis of livers from control and 2-CE-treated rats are shown in Figure 4 . No change from the control pattern occurred after treatment with 10 mg/kg. However, the monosome peak was increased with an apparent decrease in the area corresponding to the polysomes after treatment with 20 mg/kg, and the change was even more evident in the pattern representing the ribosome aggregate status of livers from rats given 40 mg/kg. These results indicate a disaggregation of liver polysomes associated with 2-CE treatment.
The effects of 2-CE on protein synthesis and GSH concentration were partially reversed by pretreatment of rats with cysteine (Table 10 ). On the other hand, inhibition of protein synthesis by 2-CE was markedly exacerbated by pretreatment with DEM, which when given alone reduced the GSH concentration by about 41%. Although liver GSH was almost totally depleted (-88%) after rats were given both 2-CE and DEM, approximately 35% of the protein synthesis relative to the control livers persisted. Further statistical evaluation of the data by analysis of variance indicated no interaction between 2-CE and cysteine or 2-CE and DEM ( p >0.05). Duncan's multiple range tests, however, showed that the differences in protein synthesis values between 2-CE and 2-CE plus cys- ' Significantly different from corresponding controls, p < 0.05. teine groups and between 2-CE and 2-CE plus DEM groups were statistically significant ( p ~0 . 0 5 ) . In addition, representative ribosome profiles (Fig. 5) showed that polysome disaggregation resulting from 2-CE administration (20 mglkg) was prevented in those rats treated initially with cysteine HCl (200 mg/kg). Polysome patterns were similar in livers from control rats, cysteine HC1-treated rats, and rats exposed to both cysteine HC1 and 2-CE.
DISCUSSION
Although limited ~t u d i e s ( ' .~.~~ have failed to demonstrate any chronic effects of 2-CE in animals, the acute toxicity of this compound has been reported by several investigators.(5.6.10,11) K idney and liver, which were affected in some of these acute studies, (6, 10) were also targets of the biochemical effects of 2-CE in the present study.
reported that no consistent gross or microscopic tissue changes occurred in rats given oral doses of 2-CE that were considerably higher than those used in our study. Our results are somewhat in agreement with that observation, as indicators of tissue damage were not increased in the serum and histological examinations of the liver revealed no cellular alteration. Our results also confirmed the finding of J o h n s~n ( "~~' ) that 2-CE treatment of rats produced a depletion of liver GSH. The mechanism of this depletion is indicated by Johnson'") to be the formation of S-carboxymethyl-GSH, thought to result from the reaction of chloroacetaldehyde, a putative metabolite of 2-CE, and S-formylmethylglutathione. Chloroacetaldehyde, if produced, may never leave its site of formation in the liver, since 2-CE effected no reduction in red cell GSH. The mechanism of action would therefore be different than that of DEM, which also rapidly depletes hepatic GSH but in addition reduces red blood cell GSH.'")
Aside from its effect on GSH concentrations, the most striking effect of 2-CE was the inhibition of protein synthesis. The effect in vivo was probably not secondary to a general metabolic or energetic derangement because RNA synthesis was not decreased even at near-lethal doses of the compound. Although respiration and RNA synthesis of liver slices were impaired by the in vitro addition of 2-CE, protein synthesis seemed to be more effectively inhibited and the inhibition occurred at lower concentrations of the compound. Information as to a possible mechanism for this effect may perhaps be obtained from the dose-response and temporal relationships of the relative changes in protein synthesis and GSH concentrations after treatment of the rats with 2-CE. The time courses for inhibition of protein synthesis and GSH depletion were very similar, with recovery of protein synthesis appearing to lag slightly behind the rate of restoration of GSH. The rapid rate of recovery is uncharacteristic of many other inhibitors of protein synthesis such as aflatoxin B1,(29) rubratoxin Oser et relationship between GSH depletion and the loss of protein synthesis in an in vitro system, and postulated that both translation and initiation processes were involved. Our present work is the first to demonstrate this apparent relationship between GSH and protein synthesis in the whole animal. Modification of GSH concentrations may also indirectly affect protein synthesis because of the suspected physiological function of this compound in transporting amino acids across cell membranes. (38) The results of measurements of UV absorbance and radioactivity of the pooled cold TCA washes were not consistent with significant changes in the uptake of amino acids by hepatocytes after the rats were given 2-CE, although this possibility cannot be excluded until at least amino acid analysis and specific activity determinations are carried out.
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Polysome disaggregation observed with 2-CE corresponds with the decrease in protein synthesis and is typical of the response with other compounds that produce perturbations of macromolecular metabolism in the cell. Since kinetic analysis of the disaggregation was not conducted, we cannot characterize the action of 2-CE relative to that of other compounds producing a similar phenomenon. Zehavi-Willner et ul. (37) also reported the disappearance of polysomes in rabbit reticulocytes after addition of 2-CE but noted that this happened after protein synthesis had already ceased and GSH concentrations had reached zero; because of this lag, the authors concluded that not only initiation of protein synthesis but also translation (peptide chain formation and release) are dependent upon the presence of GSH.
The mechanism of the action of 2-CE in impairing protein synthesis and concurrently inducing disaggregation of polysomes cannot be elucidated by the present studies. However, because of the close association of these two events with the loss of GSH and the action of administered cysteine in at least partially reversing the action of 2-CE, it seems reasonable to implicate the effect of 2-CE on protein synthesis as being possibly mediated by its effect on cellular sulfhydryl content. Furthermore, inhibition of RNA synthesis or decreased stability of RNA cannot be readily invoked as mechanisms to explain the breakdown of the polysomes(33) because neither RNA concentrations nor synthesis were depressed by 2-CE treatment and, similarly, evidence obtained with radiolabeled proteins in liver slices indicated no effect of 2-CE in inducing an accelerated breakdown of protein. The fact that the treatment with DEM, a compound totally unrelated in structure to 2-CE, also resulted in an appreciable depletion of hepatic GSH and an associated inhibition of protein synthesis further strengthens the argument that these events may be causally related and that the action in impairing protein synthesis may be secondary to the action of lowering cellular GSH content. On the other hand, it is entirely possible that the changes in GSH merely reflect the role of this compound as a scavenger of highly reactive metabolites, as suggested by Davis et u I . (~' ) in the case of acetaminophen, and that the changes in protein synthesis would not occur until GSH had decreased enough so that the pool available to conjugate possible active intermediates of 2-CE was depleted. Compatible with this theory is the report of Barrio et ~7l.,(~') who demonstrated an in vitro reaction between chloroacetaldehyde and adenosine and cytidine in tRNA. Binding studies and experiments with other necrotizing agents that deplete tissue GSH in vivo would then be necessary to help decide between these or other possible mechanisms of action.
The finding of fat accumulation in the livers of rats several hours after oral dosing with 2-CE is consistent with a similar action of some other toxins that interfere with protein synthesis in this organ. (41) The fact that there have been no reports of irreversible toxicity or serious tissue lesions in animals subjected to repeated oral doses of 2-CE(8) may be attributed to the rapid detoxification of 2-CE by the liver through the enzymic conversion to S-~arboxyrnethyl-GSH('~) and to the possible development of a tolerance toward GSH depletion, as is seen with DEM.('*)
Although GSH concentrations in the kidney were not measured, a possible explanation for the small effect of 2-CE on protein synthesis relative to that in the liver may relate to the finding of Richardson and Murphy(28) that DEM produced a more rapid and greater decrease of GSH in livers than in kidneys of rats. The greater sensitivity of female rats compared with male rats to the biochemical changes brought about by 2-CE treatment corresponds to the higher incidence of fatty changes in livers of females after subacute treatment with this compound. (6) 
